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Assessment of aortoiliac and renal arteries: MR angiography
with parallel acquisition versus conventional MR angiography
and digital subtraction angiography
Abstract
PURPOSE: To prospectively compare the image quality, sensitivity, and specificity of
three-dimensional gadolinium-enhanced magnetic resonance (MR) angiography accelerated by parallel
acquisition (ie, fast MR angiography) with MR angiography not accelerated by parallel acquisition (ie,
conventional MR angiography) for assessment of aortoiliac and renal arteries, with digital subtraction
angiography (DSA) as the reference standard. MATERIALS AND METHODS: The study was
approved by the institutional review board; informed consent was obtained from all patients. Forty
consecutive patients (33 men, seven women; mean age, 63 years) suspected of having aortoiliac and
renal arterial stenoses and thus examined with DSA underwent both fast (mean imaging time, 17
seconds) and conventional (mean imaging time, 29 seconds) MR angiography. The arterial tree was
divided into segments for image analysis. Two readers independently evaluated all MR angiograms for
image quality, presence of arterial stenosis, and renal arterial variants. Image quality, sensitivity, and
specificity were analyzed on per-patient and per-segment bases for multiple comparisons (with
Bonferroni correction) and for dependencies between segments (with patient as the primary sample
unit). Interobserver agreement was evaluated by using kappa statistics. RESULTS: Overall, the image
quality with fast MR angiography was significantly better (P=.001) than that with conventional MR
angiography. At per-segment analysis, the image quality of fast MR angiograms of the distal renal artery
tended to be better than that of conventional MR angiograms of these vessels. Differences in sensitivity
for the detection of arterial stenosis between the two MR angiography techniques were not significant
for either reader. Interobserver agreement in the detection of variant renal artery anatomy was excellent
with both conventional and fast MR angiography (kappa=1.00). CONCLUSION: Fast MR angiography
and conventional MR angiography do not differ significantly in terms of arterial stenosis grading or
renal arterial variant detection.
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Purpose: To prospectively compare the image quality, sensitivity,
and specificity of three-dimensional gadolinium-enhanced
magnetic resonance (MR) angiography accelerated by par-
allel acquisition (ie, fast MR angiography) with MR angiog-
raphy not accelerated by parallel acquisition (ie, conven-
tional MR angiography) for assessment of aortoiliac and
renal arteries, with digital subtraction angiography (DSA)
as the reference standard.
Materials and
Methods:
The study was approved by the institutional review board;
informed consent was obtained from all patients. Forty
consecutive patients (33 men, seven women; mean age, 63
years) suspected of having aortoiliac and renal arterial
stenoses and thus examined with DSA underwent both fast
(mean imaging time, 17 seconds) and conventional (mean
imaging time, 29 seconds) MR angiography. The arterial
tree was divided into segments for image analysis. Two
readers independently evaluated all MR angiograms for
image quality, presence of arterial stenosis, and renal ar-
terial variants. Image quality, sensitivity, and specificity
were analyzed on per-patient and per-segment bases for
multiple comparisons (with Bonferroni correction) and for
dependencies between segments (with patient as the pri-
mary sample unit). Interobserver agreement was evalu-
ated by using  statistics.
Results: Overall, the image quality with fast MR angiography was
significantly better (P  .001) than that with conventional
MR angiography. At per-segment analysis, the image qual-
ity of fast MR angiograms of the distal renal artery tended
to be better than that of conventional MR angiograms of
these vessels. Differences in sensitivity for the detection of
arterial stenosis between the two MR angiography tech-
niques were not significant for either reader. Interob-
server agreement in the detection of variant renal artery
anatomy was excellent with both conventional and fast MR
angiography (  1.00).
Conclusion: Fast MR angiography and conventional MR angiography
do not differ significantly in terms of arterial stenosis grad-
ing or renal arterial variant detection.
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Contrast material–enhanced three-dimensional (3D) magnetic reso-nance (MR) angiography has been
established as an accurate technique for
imaging essentially the entire vascular
system, including the aortoiliac and re-
nal arteries (1–5). However, investiga-
tors in a number of studies have re-
ported contrast-enhanced 3D MR an-
giography, as compared with digital
subtraction angiography (DSA), to have
low accuracy for grading arterial steno-
sis (6–9).
Several characteristics of the cur-
rent 3D MR angiography technology
may contribute to the reported range of
sensitivities and specificities in these
studies. The spatial resolution with 3D
MR angiography is about three to five
times lower than the spatial resolution
with DSA, and this hampers evalua-
tion—especially that of small arteries.
In addition, 3D MR angiography is lim-
ited by a relatively long data acquisition
time. To image the aortoiliac and renal
arteries with reasonable spatial resolu-
tion, mean breath-hold times of more
than 25–30 seconds are needed
(4,5,10). This limits the use of this tech-
nique in patients with compromised re-
spiratory function and in patients who
are unable to remain still during 3D MR
data acquisition. Furthermore, pro-
longed data acquisition times may pre-
vent preferential arterial enhancement
during the first pass of the extracellular
contrast medium and thus result in in-
terfering venous opacification, particu-
larly when small renal arteries are being
analyzed (11).
Attempts to shorten the duration of
individual phase-encoding steps by us-
ing pulse sequence modifications com-
bined with improved gradient hardware
have considerably reduced imaging
time. However, further increases in gra-
dient performance remain restricted
owing to physiologic limits (12). In re-
cent years, major steps toward decreas-
ing MR examination times have been
made owing to the introduction of paral-
lel imaging techniques that include si-
multaneous acquisition of spatial har-
monics (13), generalized autocalibrat-
ing partially parallel acquisition (14),
and sensitivity encoding (15). A major
limitation of parallel imaging, however,
is the decreased signal-to-noise ratio
(SNR), which is inversely proportional
to the square root of the acceleration
factor times a geometric factor deter-
minedmainly according to the coil design.
Although parallel imaging results in
reduced MR signal intensity, contrast-
enhanced 3D MR angiography of the
abdominal aorta with an acceleration
factor ranging from two to four has been
proved to be feasible (11,13,16,17). To
our knowledge, there had been no re-
ported prospective study in which the
image quality and accuracy of contrast-
enhanced 3D MR angiography acceler-
ated by parallel imaging (hereafter re-
ferred to as fast MR angiography) were
compared with those of contrast-en-
hanced 3D MR angiography without
parallel imaging (hereafter referred to
as conventional MR angiography) in the
same patient for assessment of the aor-
toiliac and renal arteries, with DSA as
the reference standard. Thus, the pur-
pose of our study was to prospectively
compare the image quality, sensitivity,
and specificity of fast MR angiography
with those of conventional MR angiog-
raphy in the assessment of aortoiliac
and renal arteries, with DSA as the ref-
erence standard.
Materials and Methods
Patients
For 6 months, from June 2005 through
November 2005, 57 consecutive pa-
tients who underwent diagnostic DSA of
the aortoiliac and renal arteries for clin-
ical indications at University Hospital
Zurich were asked to participate in this
prospective study (Fig 1). The study
was approved by the institutional re-
view board of University Hospital Zu-
rich, and oral and written informed con-
sent was obtained from all patients.
Clinical indications for DSA were symp-
tomatic aortoiliac occlusive disease in
52 (91%) patients and assessment of
renal arterial stenosis in five (9%).
Study exclusion criteria were history of
an adverse reaction to paramagnetic
contrast media, age younger than 18
years or older than 80 years, childbear-
ing age without negative pregnancy test
results, breast feeding, clinical instabil-
ity, general contraindications to MR im-
aging, and unwillingness to provide
written informed consent in accordance
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Advances in Knowledge
 Overall, image quality was signifi-
cantly better (P  .001) with fast
MR angiography than with con-
ventional MR angiography.
 At per-segment analysis, a trend
toward better depiction of the
distal renal artery segments was
noted with fast MR angiography
compared with the depiction of
these segments at conventional
MR angiography.
 Fast MR angiography and conven-
tional MR angiography do not dif-
fer significantly in terms of aor-
toiliac stenosis grading and renal
arterial variant detection.
Implication for Patient Care
 In patients with compromised re-
spiratory function, who may expe-
rience difficulty holding their
breath during MR imaging, fast
MR angiography may be a valu-
able alternative to conventional
MR angiography for assessment
of the aortoiliac and renal
arteries.
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with guidelines set forth by the institu-
tional review board. Seventeen patients
were excluded from the study (Fig 1):
11 patients did not want to provide writ-
ten informed consent, five were not clin-
ically stable, and one had a history of
adverse reaction to paramagnetic con-
trast media.
Hence, the final study group con-
sisted of 40 consecutive patients (33
men aged 27–78 years [mean, 64
years], seven women aged 26–78 years
[mean, 59 years]). Clinical indications
for DSA in this study group were symp-
tomatic aortoiliac occlusive disease in
36 (90%) patients and suspicion of renal
arterial stenosis in four (10%). There
was no significant difference in age be-
tween the men and women (P  .59).
All patients underwent DSA and MR an-
giography within a 3-week period. DSA
was performed initially and was fol-
lowed by MR angiography in all pa-
tients. The mean time between DSA
and MR imaging was 18 days (range,
10–21 days). For the purposes of this
study, if a transluminal therapeutic pro-
cedure was considered feasible on the
basis of DSA findings, the patient was
scheduled for a second DSA examina-
tion after the completion of MR imag-
ing. Thus, no transluminal therapeutic
procedure was performed between the
DSA and MR examinations.
MR Imaging
In all patients, two MR examinations—
fast MR angiography and conventional
MR angiography—were performed on
separate days. Patients were randomly
assigned to undergo one of the two ex-
aminations first: Twenty patients under-
went fast MR angiography before con-
ventional MR angiography, and 20 un-
derwent conventional MR angiography
first. The mean delay between the two
examinations was 1.1 days (range, 1–3
days). In all 40 patients, MR angiogra-
phy was performed by using a 1.5-T MR
system (Signa Excite HD; GE Health-
care, Milwaukee, Wis) with a maximum
gradient amplitude of 33 mT/m and a
slew rate of 120 mT/(m  msec). All pa-
tients were positioned supine and feet
first on the imaging table. For signal
reception, an anteroposterior eight-ele-
ment phased-array surface coil that en-
compassed the entire abdominal aorta
and its renal branches and the iliac ar-
teries was placed around the patient.
Four coil elements were placed above
and four elements were placed beneath
the patient. During the first MR exami-
nation, the exact craniocaudal position
of the coil was marked on the patient’s
skin with a water-proof marker so that
the coil could be positioned at the exact
same location for the second examina-
tion.
For all MR examinations, the transit
time of a 1-mL test bolus of gadobutrol
(Gadovist; Schering, Berlin, Germany)
from the injection site (antecubital fossa)
to the abdominal aorta was determined
by using a sagittal multiphase single-sec-
tion gradient-echo sequence (5/1 [repe-
tition time msec/echo time msec], 60°
flip angle). The test bolus and subse-
quent 25-mL normal saline flush were
administered through a 20-gauge needle
at a flow rate of 2 mL/sec by using an
automated injector (MR Spectris; Med-
rad, Pittsburgh, Pa). The mean transit
time was 24 seconds (range, 20–27 sec-
onds) for both conventional and fast MR
angiography. During the test bolus ad-
ministration, the delay between the in-
jection and the first major peak of en-
hancement was measured in the ab-
dominal aorta. This same delay was
used between the injection and the initi-
ation of both MR angiographic examina-
tions. The transit times determined in
the two MR examinations were identi-
cal to within a second in all patients.
The transit time was determined during
end-inspiration breath holding. Because
both the contrast agent dose (in milli-
moles per kilogram of bodyweight) and
the injection rate were kept constant for
both examinations, the ratio of contrast
agent injection time to data acquisition
time was larger with fast MR angiogra-
phy than with conventional MR angiog-
raphy.
The fast MR angiography protocol
was designed with the same voxel size
as the conventional MR angiography
protocol but with a substantially re-
Figure 1
Figure 1: Flowchart of patient progress through the study. Patients who underwent DSA were randomly
assigned to undergo fast or conventional MR angiography (MRA).
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duced imaging time. Conventional MR
angiography is routinely used to assess
aortoiliac and renal arteries at our in-
stitution. For both protocols, a 3D fast
spoiled gradient-echo sequence was
used to acquire 48 coronal-oblique
sections with a section thickness of 1.6
mm in all patients; this section thick-
ness was similar to that used in other
studies (18–20). For conventional MR
angiography, 3.5/0.9, a 25° flip angle,
a receiver bandwidth of 62.5 kHz,
a 256  192 matrix, and a 44.0 
35.2-cm field of view were used. For
fast MR angiography, an increased
field of view of 48.0  38.4 cm was
used with a matrix of 280  236 to
consistently avoid parallel imaging ar-
tifacts (21). The associated increase in
matrix size resulted in increased repe-
tition and echo times of 4.2 and 1.3
msec, respectively, despite an in-
creased receiver bandwidth of 83.3
kHz. Both MR angiography data sets
were interpolated to a larger matrix
size and an interpolated voxel size of
0.9  0.9  0.8 mm during recon-
struction. Gadobutrol was adminis-
tered at a dose of 0.1 mmol/kg at a
flow rate of 2 mL/sec and was followed
by a 25-mL normal saline flush at the
same flow rate. The total volume of
gadobutrol administered for both MR
angiography examinations ranged from
13 to 24 mL, depending on the patient’s
body weight. MR data were acquired
during end-inspiration breath holding.
Both MR angiography acquisitions in-
volved centric elliptical phase-encode
ordering.
For fast MR angiography, a commer-
cial implementation of the sensitivity-
encoding technique (ASSET [array spa-
tial sensitivity encoding technique]; GE
Healthcare) was used (15). With this
technique, one reconstructs the full field
of view by evaluating the intercoil varia-
tion in the superimposed true and
aliased signal intensities in the under-
sampled data set. This reconstruction
algorithm cannot be used to consistently
correct artifacts caused by signal from
outside the phase-encoding field of
view, which is aliased more than once in
the undersampled data set. In contrast
to the aliased signal intensity that ap-
pears along the image edges in conven-
tional acquisitions, the corresponding
artifacts in parallel acquisitions often
appear in the center of the image (21).
Thus, the minimum reconstructed field
of view in parallel acquisitions is moder-
ately larger than the minimum field of
view in conventional acquisitions. An
acceleration factor of two was set for
fast MR angiography. The mean data
acquisition time for fast MR angiogra-
phy was 17 seconds compared with 29
seconds for conventional MR angiogra-
phy. No adverse events particularly re-
lated to gadobutrol administration oc-
curred with the MR angiography exami-
nations.
DSA Examinations
A vascular radiologist (T.P.) with 14
years experience in DSA performed
intraarterial DSA of the aortoiliac and
renal arteries with a retrograde tech-
nique in all 40 patients by using one of
two angiography units (Integris V3000
or Integris V5000; Philips Medical Sys-
tems, Best, the Netherlands). For as-
sessment of the abdominal aorta and
the renal arteries, the side holes of a
transfemoral 5-F pigtail flush catheter
(AngiOptic; Angiodynamics, Queens-
bury, NY) were placed at the expected
origin of the renal arteries: the L1–L2
intervertebral space. In all patients,
30 mL (300 mg of iodine per milliliter)
of a nonionic iodinated contrast me-
dium (iopromidum, Ultravist 300;
Schering) was injected at a flow rate of
15 mL/sec by using an automatic injec-
tor (Angiomat 6000; Liebel-Flarsheim,
Cincinnati, Ohio), and frontal DSA im-
ages were acquired at a matrix size of
1024  1024, field of view of 38 cm,
and film rate of two to three images
per second. If the vascular radiologist
determined that 38-cm field-of-view
abdominal aortography was not ade-
quate for assessment of the renal ar-
teries, additional 15° left or right an-
terior-oblique projections were ob-
tained. The catheter was subsequently
repositioned in the infrarenal aorta,
and DSA of the iliac arteries in 30° left
and right oblique projections was per-
formed with 20 mL of iopromidum in-
jected at a flow rate of 15 mL/sec.
Electronic calipers were used to mea-
sure stenosis, and a built-in calibra-
tion system was applied. The DSA ex-
aminations caused no adverse events.
Quantitative MR Angiogram Analysis
The MR angiograms were quantitatively
and qualitatively analyzed at a dedicated
interactive workstation (Advantage
Windows Workstation 4.2; GE Health-
care, Buc, France). One of the authors
(R.S.), who had 3 years experience in
vascular MR imaging and was blinded to
all patient data, measured the SNRs and
contrast-to-noise ratios (CNRs) for both
fast and conventional MR angiography.
Quantitative angiogram analysis was
performed randomly in terms of patient
order and type of MR examination.
Measurements were performed in the
suprarenal and infrarenal regions of the
abdominal aorta; in the renal arteries,
divided into three segments (proximal
[ostium, 1 cm from origin of renal
artery], middle [1 cm to first branch-
ing of renal artery], and distal [first-
generation branches] segments); in the
common iliac arteries; in the external
iliac arteries, divided into proximal and
distal portions; in the internal iliac ar-
teries; and in the common femoral
arteries. One patient had undergone ne-
phrectomy of the right kidney 22 months
previously and thus had only one main
renal artery. The accessory renal arter-
ies were also divided into three seg-
ments. Measurements were performed
in 768 (99%) of the 774 evaluatable ar-
terial segments; this constituted all arte-
rial segments with which both readers
had moderate or better visibility, in-
cluding 57 segments of accessory renal
arteries.
Reader-defined regions of interest
were placed in the middle of the given
artery, in the adjacent retroperitoneal
or extraperitoneal fat, and in an image
region in the air adjacent to the body
within the coil. Region-of-interest sizes
aimed at encompassing as much of the
different arteries being evaluated as
possible (mean size, 20 mm2; range,
5–180 mm2) were chosen. The SNR was
calculated as follows: SIa/SDb, where SIa
is the mean signal intensity of the artery
and SDb is the standard deviation of
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the magnitude background signal in-
tensity outside the body within the coil
(air). The CNR was calculated as fol-
lows: (SIa  SIf-p)/SDb, where SIf-p is
the mean signal intensity in the adja-
cent retroperitoneal fat or adjacent
liver parenchyma. The SNR and CNR
with parallel imaging generally are
lower than those with conventional
MR angiography, and the signal inten-
sities over a given image may vary
(11). Nevertheless, SNR and CNR are
considered valid imaging parameters
when conventional and parallel MR
angiography techniques are compared
(11,22).
Qualitative MR Image Analysis
For qualitative analysis, vessels in the ar-
terial vascular system were divided into
the same segments evaluated for quanti-
tative analysis, including the accessory re-
nal arteries. Two readers (J.K.W.,
A.M.L., with 8 and 7 years experience in
vascular MR imaging, respectively) inde-
pendently assessed the subjective image
quality of the angiograms of all arterial
segments depicted with both MR angiog-
raphy techniques. The readers were
blinded to the patients’ names, clinical
data, and type ofMR examination. AllMR
angiograms were analyzed in random or-
der. Both readers were allowed to indi-
vidually adjust the window centers and
level settings of the MR data sets for im-
age analysis at theworkstation, and a cine
mode was available for rapid interactive
interpretation. Both readers were also al-
lowed to use maximum intensity projec-
tions of the MR data sets in different
planes when these were considered use-
ful.
For each vessel, image quality was
graded on a five-point Likert grading
scale: Grade 1 meant the vessel was not
visible and no diagnostic information
could be obtained from the images.
Grade 2 meant poor visibility: Image
quality was degraded owing to low sig-
nal intensity and motion-induced blur-
ring artifacts. Grade 3 meant moderate
visibility: Image quality was degraded
owing to low signal intensity or motion-
induced blurring artifacts. Grade 4
meant good visibility owing to high sig-
nal intensity and slight motion-induced
blurring artifacts. Grade 5 meant excel-
lent visibility owing to high signal inten-
sity and no motion-induced blurring ar-
tifacts.
The two readers graded the pres-
ence of arterial stenosis in the seg-
ments independently by using an elec-
tronic caliper: Grade 1 meant normal
vessel or vessel irregularity (10% lu-
minal narrowing); grade 2, mild arte-
rial stenosis (10% to 50% luminal
narrowing); grade 3, severe arterial
stenosis (50%–99% luminal narrow-
ing); and grade 4, occlusion. In accor-
dance with literature reports (23–27),
grades 3 and 4 (50%–100% luminal
narrowing) were considered to indi-
cate hemodynamically significant arte-
rial stenosis in our study group. When
two or more stenotic lesions were de-
tected in the same arterial segment,
the most severe stenosis was used for
grading and analysis.
A separate analysis of the two MR
angiography techniques was performed
to assess the presence of renal arterial
variants. Both readers evaluated the
presence and number of accessory left
or right renal arteries, as well as the
presence of early branching of the renal
arteries (branching within 2 cm of the
origin of the renal artery from the ab-
dominal aorta) (28).
Analysis of DSA Findings
Analysis of the DSA images available on
the interactive workstation was per-
formed by one of two radiologists (T.P. or
a second vascular radiologist, with 14 and
5 years experience, respectively). Inter-
pretation disagreements were resolved
by means of consensus review of five vas-
cular segments. All DSA image cases
Figure 2
Figure 2: Bilateral intermittent claudication in 60-year-old man. Frontal maximum intensity projections of aortoiliac and renal arteries reconstructed from coronal 3D
contrast-enhanced (a) conventional (3.5/0.9) and (b) fast (4.2/1.3) MR angiography data sets. Although the SNRs and CNRs with fast MR angiography were lower than
those with conventional MR angiography, the subjective image quality of angiograms of the aortoiliac and renal arteries depicted with both techniques was graded simi-
larly by both readers. Neither reader detected aortoiliac or renal arterial stenosis with either technique. (c)Corresponding DSA findings confirmed the MR angiography
results. A single right accessory renal artery (arrow) at the lower pole of the right kidney was diagnosed with both MR examinations by both readers and confirmed at DSA.
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were assessed in random order, and the
readers were blinded to all patient data.
To assess for possible arterial stenosis
and renal arterial variants at DSA, we
used the same classifications applied to
evaluate the MR angiography data.
Statistical Analyses
SNR and CNR values are presented as
means standard deviations. The paired t
test was used to assess differences in SNR
andCNRbetween the twoMRangiography
techniques. After Bonferroni correction to
adjust for multiple comparisons, a compar-
ison-wise P value of less than .0028 was
considered to be indicative of a statistically
significant difference.Differences in age be-
tween the women and men were assessed
by using the Mann-Whitney test, with P 
.05 indicating significance. With regard to
the mean subjective image quality for all
arterial segments combined, differences
between the two MR angiography tech-
niques were assessed by using the Wil-
coxon signed rank test (P  .05) in a per-
patient analysis. In a per-segment subanaly-
sis, differences between the two techniques
in terms of the subjective image quality of
each of the 18 arterial segments being as-
sessed were evaluated by using a paired
sign test, with P  .0028 indicating signifi-
cance after Bonferroni correction. For
these analyses, the proportion procedure
for survey data obtained with Stata soft-
ware (StataCorp, College Station, Tex),
with patient as the primary sample unit,
was performed to address dependencies
between segments.
Agreement between the two read-
ers and between the two MR angiogra-
phy techniques for renal arterial variant
detection and arterial stenosis grading
was determined by calculating  values.
A  value of 0 indicated poor agree-
ment; 0.01–0.20, slight agreement;
0.21–0.40, fair agreement; 0.41–0.60,
moderate agreement; 0.61–0.80, good
agreement; and 0.81–1.00, excellent
agreement (29). Owing to dependencies
between segments, confidence intervals
for  values were not calculated.
The sensitivity, specificity, positive and
negative predictive values, and accuracy of
the two MR angiography techniques (with
95% confidence intervals), as compared
withDSA, for thedetectionof hemodynam-
ically significant arterial stenosis were cal-
culated for all arterial segments combined
(total) and for each of two vascular
regions separately: renal arteries
(main and accessory renal arteries) and
aortoiliac arteries (abdominal aorta;
both common, external and internal il-
iac arteries, as well as both common
femoral arteries). To address clustering
by image analysis within the same pa-
tient, 95% confidence intervals were
calculated by using the proportion pro-
cedure for survey data obtained with
Stata software, with patient as the pri-
mary sample unit. The significance of
differences in sensitivity between the
two MR angiography techniques for
both readers was assessed by analyzing
the true findings per patient with use of
the paired sign test, with P  .025 indi-
cating significance after Bonferroni cor-
rection. Post hoc power analyses were
performed for the comparisons of im-
age quality and sensitivity per patient.
Results
Quantitative Analysis of MR Angiography
Results
The SNR and CNR for the aortoiliac
and renal arteries depicted on both
types of MR angiograms were mea-
sured in all 40 patients (Table E1
[http://radiology.rsnajnls.org/cgi/content
/full/2451062081/DC1]). For all arterial
segments, the SNR (P  .001) and CNR
(P  .007) were significantly higher with
conventional MR angiography than with
fast MR angiography (Fig 2).
Qualitative Analysis of MR Angiography
Results
Subjective image quality.—The sub-
jective image quality of angiograms of
the aortoiliac and renal arteries de-
picted with both MR angiography
techniques was graded by both read-
ers independently (Table E2 [http:
//radiology.rsnajnls.org/cgi/content/full
/2451062081/DC1]). The overall image
quality grade for all 18 arterial segments in
each patient was significantly higher with
fast MR angiography than with conven-
tional MR angiography (P  .001 for both
readers).With the assumption that a differ-
ence in image quality between the two tech-
niques could be considered clinically rele-
vant when, on average, the image quality
grade for two arterial segments was higher
by at least one grade or the image quality
grade for one segment was higher by at
least two grades, a power of 96% was cal-
culated for the difference in mean image
quality at per-patient analysis.
At subanalysis of each of the 18 ar-
terial segments, there were no signifi-
cant differences between the two MR
angiography techniques for either reader
regarding the image quality of most of the
18 arterial segments (Table E2 [http:
//radiology.rsnajnls.org/cgi/content/full
/2451062081/DC1]). There was a
trend toward higher image quality for
angiograms of the distal segments of
the left (P  .008 for reader 1, P 
.006 for reader 2) and right (P  .004,
for reader 1) renal arteries with the
fast examination compared with the
image quality for these segments with
the conventional examination. Reader
Figure 3
Figure 3: Focused transverse maximum intensity projections of (a) conventional (3.5/0.9) and (b) fast
(4.2/1.3) MR angiographic data sets in 76-year-old man with generalized atherosclerosis and shortness of
breath. Owing to motion-induced artifacts, both readers rated the image quality for the proximal and middle
segments of the right renal artery (arrows) as moderate (grade 3) and the image quality for the distal segment
as poor (grade 2) with conventional MR angiography. In contrast, both readers rated the image quality for the
proximal and middle segments of the right renal artery as excellent (grade 5) and the image quality for the
distal segment as good (grade 4) with fast MR angiography.
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2 assigned a significantly higher image
quality grade for the right distal renal
arterial segment with fast MR angiog-
raphy (P  .0026) (Table E2 [http:
//radiology.rsnajnls.org/cgi/content
/full/2451062081/DC1]) (Fig 3). Both
readers noted fewer motion-induced
artifacts on the fast MR angiograms,
compared with the number of these
artifacts on the conventional images,
as the main reason for the better im-
age quality for the distal segments
with the fast acquisition (Fig 3).
Renal arterial variants.—Both readers
identified variant renal arterial anatomy on
both types of MR angiograms in 18 (45%)
of 40 patients (Table, Fig 2). Agreement
between conventional and fast MR angiog-
raphy and between readers 1 and 2 with
both examinations was excellent ( 
1.00). The diagnoses of all renal arterial
variants assigned by both readerswith both
types of MR angiography were in agree-
ment with the DSA-based diagnoses.
Aortoiliac and renal arterial steno-
ses.—For all grades of arterial stenosis,
there was good interobserver agree-
ment regarding conventional MR an-
giography findings (  0.69) and excel-
lent interobserver agreement regarding
fast MR angiography findings (  0.81)
(Fig 4). For the diagnosis of hemody-
namically significant (grades 3 and 4)
Figure 4
Figure 4: Generalized atherosclerosis and left leg claudication in 75-year-old man. On focused frontal maximum intensity projections of (a) conventional (3.5/0.9)
and (b) fast (4.2/1.3) MR angiographic data sets, both readers noted mild arterial stenosis (grade 2,50% luminal narrowing) of the proximal segment of the left com-
mon iliac artery (large arrow) and grade 2 stenosis of the left internal iliac artery (small arrow). (c) Findings were confirmed on corresponding DSA image. The clinical
symptoms of this patient were caused by high-grade stenosis of the distal superficial femoral artery, which was not in the field of view of the MR angiograms obtained in
our study.
Variant Renal Artery Anatomy Assessed by Two Independent Readers on Conventional and Fast MR Angiograms, with DSA Findings as
Reference Standard
Assessed Renal Artery Anatomy
Reader 1 Reader 2
DSA
Conventional MR
Angiography
Fast MR
Angiography
Conventional MR
Angiography
Fast MR
Angiography
Single renal artery, bilateral 23 23 23 23 23
Accessory right renal artery 9 9 9 9 9
Accessory left renal artery 4 4 4 4 4
Accessory right and left renal arteries 1 1 1 1 1
Two accessory right renal arteries 1 1 1 1 1
Two accessory left renal arteries 1 1 1 1 0
Early branching of right renal artery* 0 0 0 0 0
Early branching of left renal artery* 2 2 2 2 2
Note.—Data are numbers of patients. Both readers identified variant renal artery anatomy in 18 of the 40 patients.
* Early branching refers to branching within 2 cm of the origin of the renal artery from the abdominal aorta.
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versus nonsignificant (grades 1 and 2)
arterial stenosis, there was excellent in-
terobserver agreement regarding both
conventional (  0.83) and fast ( 
0.90) MR angiography findings.
True-positive, true-negative, false-
positive, and false-negative findings, as
well as sensitivities, specificities, positive
and negative predictive values, and accu-
racies for the diagnosis of hemodynami-
cally significant arterial stenosis of the
aortoiliac and renal arteries were calcu-
lated (Table E3 [http://radiology.rsnajnls
.org/cgi/content/full/2451062081/DC1]).
Differences in sensitivity per patient be-
tween conventional and fast MR angiog-
raphy were not significant for reader 1
(P .453) or reader 2 (P .063). For the
two readers, the sensitivities of conven-
tional and fast MR angiography were
identical for 33 and 35 of the 40 patients.
With the assumption of a 15% proportion
of discordant pairs, a study sample size of
120 patients would be necessary to detect
10% differences in sensitivity with 80%
power.
Discussion
Differences in sensitivity between con-
ventional and fast MR angiography with
regard to diagnosis of arterial stenosis
were not significant in our study. Only a
trend toward higher sensitivity with fast
MR angiography than with conventional
MR angiography was noted in the diag-
nosis of renal and aortoiliac arterial ste-
noses. In addition, there was no marked
difference between conventional and
fast MR angiography in the detection of
variant renal arterial anatomy in our
study. With both types of MR angiogra-
phy, the findings of both readers for all
renal arterial variants were in agree-
ment with those of DSA.
Although we found SNR and CNR
values to be significantly lower with the
faster acquisition, both readers inde-
pendently graded the mean image qual-
ity for all aortoiliac and renal arterial
segments significantly higher with fast
MR angiography. In a per-segment anal-
ysis of each of the 18 arterial segments
assessed, however, only the image qual-
ity for the distal right renal artery seg-
ment was assigned a significantly higher
grade with fast MR angiography by one
reader. The image qualities of the prox-
imal and middle renal arterial seg-
ments—in terms of visualization of the
aortoiliac arteries in particular—were
almost identical between the two types
of MR angiography.
Fewer motion-induced blurring arti-
facts on the fast MR angiograms than on
the conventional MR angiograms may be
one explanation for the higher image
quality grades, especially for the distal re-
nal artery segments. Blurring artifacts of
the renal arteries are a known limitation
of conventional MR angiographic acquisi-
tions. Kidney motion propagates to the
renal arteries when the patient starts
breathing during relatively long MR ex-
aminations, and this can detrimentally af-
fect the image quality for the renal arter-
ies (30). It has been shown that the distal
segments of the renal arteriesmove about
10-fold more than do the proximal seg-
ments during normal respiration (31).
Therefore, the improved visualization—
especially that of the distal renal artery
segments in our study—may be explained
by a reduction of motion-induced blurring
artifacts that results from the shortened
mean imaging time (from 29 to 17 sec-
onds in our study) achieved by using par-
allel acquisition. Our findings suggest that
the image quality for the proximal and
middle renal artery segments and the aor-
toiliac arteries may be less affected by a
shortened acquisition time owing to the
decreased motion of these segments dur-
ing breathing.
Our results are in agreement with
those of a study in which the image qual-
ity for the renal arteries depicted on two
types of MR angiograms acquired with
different acceleration factors (17) were
compared. The proximal and middle re-
nal artery segments were seen equally
well at both MR angiography examina-
tions in that study. However, the distal
renal artery segments were better de-
picted on the MR angiograms acquired
more rapidly—in 19 seconds—than on
those acquired with the slower tech-
nique involving 26 seconds (17).
To our knowledge, our study is the
first to systematically address the clini-
cal value of a reduced acquisition time
in MR angiography accelerated by par-
allel imaging for assessment of the aor-
toiliac and renal arteries in an intraindi-
vidual comparison with conventional
MR angiography, with DSA as the refer-
ence standard. Fast MR angiography
may be a valuable alternative to conven-
tional MR angiography in patients with
compromised respiratory function, who
may experience difficulty holding their
breath during imaging.
Our study had limitations. Our esti-
mation of image noise based on the
standard deviation of signal intensities
measured in regions of interest in air
outside the body did not account for the
spatial noise variation that is character-
istic of parallel imaging. Therefore, the
SNR and CNR calculated for the parallel
acquisitions in our study represent only
rough estimations. Furthermore, since
we did not compare findings between
patients with and those without com-
promised respiratory function, the true
differences in image quality, sensitivity,
and specificity with a shorter acquisition
time in patients with breath-holding dif-
ficulties could not be estimated from the
results of our study. In addition, the
limited prevalence of hemodynamically
significant renal arterial stenosis in our
study allowed us to draw only restricted
conclusions regarding the sensitivity of
both MR angiography techniques for the
detection of significant renal arterial
stenosis. Further studies with larger
study samples are warranted.
Furthermore, with our study proto-
col, only a limited number of patients
underwent selective DSA of the renal
arteries for detailed assessment of the
renal arteries. In addition, because the
renal arterial stenoses in our patients
were located in only the proximal seg-
ment of the renal arteries and because
no patients with fibromuscular dysplasia
were included in our study, the role of
fast MR angiography for assessment of
distal renal arterial stenosis and for ex-
amination of patients with fibromuscu-
lar dysplasia remains unclear.
In conclusion, our prospective study
revealed, in an intraindividual compari-
son, that despite the lower SNR and CNR
with fast MR angiography compared with
those at conventional MR angiography,
the subjective image quality for the aor-
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toiliac and renal arteries is not degraded
with the fast acquisition. This is mainly
because of the reduced motion-induced
artifacts on the fast MR angiograms. Fur-
thermore, our study results show that the
sensitivity of fast MR angiography for the
diagnosis of aortoiliac and renal arterial
stenoses is not significantly different from
that of conventional MR angiography.
However, the role of fast MR angiography
in the assessment of both distal renal ar-
terial stenosis and fibromuscular dyspla-
sia remains unclear.
References
1. Glockner JF. Three-dimensional gadolinium-
enhanced MR angiography: applications for
abdominal imaging. RadioGraphics 2001;21:
357–370.
2. Korst MB, Joosten FB, Postma CT, Jager GJ,
Krabbe JK, Barentsz JO. Accuracy of nor-
mal-dose contrast-enhanced MR angiogra-
phy in assessing renal artery stenosis and
accessory renal arteries. AJR Am J Roentge-
nol 2000;174:629–634.
3. Nael K, Laub G, Finn JP. Three-dimensional
contrast-enhanced MR angiography of the
thoraco-abdominal vessels. Magn Reson Im-
aging Clin N Am 2005;13:359–380.
4. Vosshenrich R, Fischer U. Contrast-en-
hanced MR angiography of abdominal
vessels: is there still a role for angiography?
Eur Radiol 2002;12:218–230.
5. Willmann JK, Wildermuth S, Pfammatter T,
et al. Aortoiliac and renal arteries: prospec-
tive intraindividual comparison of contrast-
enhanced three-dimensional MR angiogra-
phy and multi-detector row CT angiography.
Radiology 2003;226:798–811.
6. Golay X, Brown SJ, Itoh R, Melhem ER. Time-
resolved contrast-enhanced carotid MR an-
giography using sensitivity encoding (SENSE).
AJNR Am J Neuroradiol 2001;22:1615–1619.
7. Schoenberg SO, Rieger J, Weber CH, et al.
High-spatial-resolution MR angiography of
renal arteries with integrated parallel
acquisitions: comparison with digital sub-
traction angiography and US. Radiology
2005;235:687–698.
8. Vasbinder GB, Nelemans PJ, Kessels AG,
Kroon AA, de Leeuw PW, van Engelshoven
JM. Diagnostic tests for renal artery stenosis
in patients suspected of having renovascular
hypertension: a meta-analysis. Ann Intern
Med 2001;135:401–411.
9. Vasbinder GB, Nelemans PJ, Kessels AG, et
al. Accuracy of computed tomographic an-
giography and magnetic resonance angiogra-
phy for diagnosing. Ann Intern Med 2004;
141:674–682.
10. Heiss SG, Shifrin RY, Sommer FG. Contrast-
enhanced three-dimensional fast spoiled gra-
dient-echo renal MR imaging: evaluation of
vascular and nonvascular disease. Radio-
Graphics 2000;20:1341–1352.
11. Chen Q, Quijano CV, Mai VM, et al. On im-
proving temporal and spatial resolution of 3D
contrast-enhanced body MR angiography with
parallel imaging. Radiology 2004;231:893–
899.
12. Kanal E, Borgstede JP, Barkovich AJ, et al.
American College of Radiology white paper
on MR safety. AJR Am J Roentgenol 2002;
178:1335–1347.
13. Sodickson DK, Manning WJ. Simultaneous
acquisition of spatial harmonics (SMASH):
fast imaging with radiofrequency coil arrays.
Magn Reson Med 1997;38:591–603.
14. Griswold MA, Jakob PM, Heidemann RM, et
al. Generalized autocalibrating partially par-
allel acquisitions (GRAPPA). Magn Reson
Med 2002;47:1202–1210.
15. Pruessmann KP, Weiger M, Scheidegger MB,
Boesiger P. SENSE: sensitivity encoding for
fast MRI. Magn Reson Med 1999;42:952–962.
16. Born M, Willinek WA, Gieseke J, von Falk-
enhausen M, Schild H, Kuhl CK. Sensitivity
encoding (SENSE) for contrast-enhanced 3D
MR angiography of the abdominal arteries.
J Magn Reson Imaging 2005;22:559–565.
17. Michaely HJ, Herrmann KA, Kramer H, et al.
High-resolution renal MRA: comparison of im-
age quality and vessel depiction with different
parallel imaging acceleration factors. J Magn
Reson Imaging 2006;24:95–100.
18. Kroencke TJ, Wasser MN, Pattynama PM,
et al. Gadobenate dimeglumine-enhanced
MR angiography of the abdominal aorta and
renal arteries. AJR Am J Roentgenol 2002;
179:1573–1582.
19. Schoenberg SO, Bock M, Knopp MV, et al.
Renal arteries: optimization of three-dimen-
sional gadolinium-enhanced MR angiography
with bolus-timing–independent fast mul-
tiphase acquisition in a single breath hold.
Radiology 1999;211:667–679.
20. Goyen M, Herborn CU, Kroger K, Lauen-
stein TC, Debatin JF, Ruehm SG. Detection
of atherosclerosis: systemic imaging for sys-
temic disease with whole-body three-dimen-
sional MR angiography—initial experience.
Radiology 2003;227:277–282.
21. Goldfarb JW. The SENSE ghost: field-of-
view restrictions for SENSE imaging. J Magn
Reson Imaging 2004;20:1046–1051.
22. Zenge MO, Vogt FM, Brauck K, et al. High-
resolution continuously acquired peripheral
MR angiography featuring partial parallel im-
aging GRAPPA. Magn Reson Med 2006;56:
859–865.
23. Barber GG, Fong H, McPhail NV, Scobie TK.
Hemodynamic assessment of the aortoiliac
segment: a prospective study. Can J Surg
1980;23:542–544.
24. Snidow JJ, Johnson MS, Harris VJ, et al.
Three-dimensional gadolinium-enhanced
MR angiography for aortoiliac inflow assess-
ment plus renal artery screening in a single
breath hold. Radiology 1996;198:725–732.
25. Quinn SF, Sheley RC, Szumowski J, Shi-
makawa A. Evaluation of the iliac arteries:
comparison of two-dimensional time of flight
magnetic resonance angiography with car-
diac compensated fast gradient recalled echo
and contrast-enhanced three-dimensional
time of flight magnetic resonance angiogra-
phy. J Magn Reson Imaging 1997;7:197–203.
26. Poon E, Yucel EK, Pagan-Marin H, Kayne H.
Iliac artery stenosis measurements: compar-
ison of two-dimensional time-of-flight and
three-dimensional dynamic gadolinium-en-
hanced MR angiography. AJR Am J Roentge-
nol 1997;169:1139–1144.
27. Schaefer PJ, Boudghene FP, Brambs HJ, et al.
Abdominal and iliac arterial stenoses: compara-
tive double-blinded randomized study of diag-
nostic accuracy of 3D MR angiography with ga-
dodiamide or gadopentetate dimeglumine. Radi-
ology 2006;238:827–840.
28. Rusnack D, Israel GM. Kidney transplantation:
evaluation of donors and recipients.MagnReson
Imaging Clin N Am 2004;12:505–514; vi–vii.
29. Landis JR, Koch GG. An application of hier-
archical kappa-type statistics in the assess-
ment of majority agreement among multiple
observers. Biometrics 1977;33:363–374.
30. Vasbinder GB, Maki JH, Nijenhuis RJ, et al.
Motion of the distal renal artery during three-
dimensional contrast-enhanced breath-hold
MRA. J Magn Reson Imaging 2002;16:685–
696.
31. Draney MT, Zarins CK, Taylor CA. Three-
dimensional analysis of renal artery bending
motion during respiration. J Endovasc Ther
2005;12:380–386.
VASCULARAND INTERVENTIONALRADIOLOGY:MR Angiography of Aortoiliac and Renal Arteries Sutter et al
284 Radiology: Volume 245: Number 1—October 2007
Radiology 2007 
This is your reprint order form or pro forma invoice 
(Please keep a copy of this document for your records.) 
 
 
 
 
 
 
Author Name _______________________________________________________________________________________________ 
Title of Article _______________________________________________________________________________________________ 
Issue of Journal_______________________________          Reprint # _____________    Publication Date ________________ 
Number of Pages_______________________________                KB # _____________               Symbol Radiology 
Color in Article?    Yes   /   No       (Please Circle) 
Please include the journal name and reprint number or manuscript number on your purchase order or other correspondence.  
Order and Shipping Information 
 
Reprint Costs (Please see page 2 of 2 for reprint costs/fees.)   
 
________ Number of reprints ordered $_________ 
________ Number of color reprints ordered $_________ 
________ Number of covers ordered   $_________ 
                Subtotal $_________ 
Taxes $_________ 
(Add appropriate sales tax for Virginia, Maryland, Pennsylvania, and the 
District of Columbia or Canadian GST to the reprints if your order is to 
be shipped to these locations.) 
 
First address included, add $32 for  
         each additional shipping address $_________ 
                        
TOTAL      $_________ 
 
 
 
 Shipping Address (cannot ship to a P.O. Box) Please Print Clearly 
Name ___________________________________________ 
Institution _________________________________________ 
Street  ___________________________________________ 
City ____________________  State _____  Zip  ___________ 
Country ___________________________________________ 
Quantity___________________  Fax  ___________________ 
Phone:  Day _________________ Evening _______________ 
E-mail Address _____________________________________ 
 
Additional Shipping Address* (cannot ship to a P.O. Box) 
Name ___________________________________________ 
Institution _________________________________________ 
Street ___________________________________________ 
City ________________  State ______  Zip  ___________ 
   Country     _________________________________________ 
Quantity  __________________    Fax  __________________ 
Phone:  Day  ________________   Evening  ______________ 
E-mail Address   ____________________________________ 
*  Add $32 for each additional shipping address 
Payment and Credit Card Details    
Enclosed: Personal Check ___________   
  Credit Card Payment Details _________   
Checks must be paid in U.S. dollars and drawn on a U.S. Bank. 
Credit Card:   __ VISA    __ Am. Exp.   __ MasterCard 
Card Number  __________________________________ 
Expiration Date_________________________________  
Signature: _____________________________________ 
 
Please send your order form and prepayment made payable to: 
         Cadmus Reprints 
 P.O. Box 751903 
 Charlotte, NC  28275-1903 
Note:  Do not send express packages to this location, PO Box. 
   FEIN #:541274108 
 
Invoice or Credit Card Information 
Invoice Address            Please Print Clearly 
Please complete Invoice address as it appears on credit card statement 
Name  ____________________________________________ 
Institution   ________________________________________ 
Department  _______________________________________ 
Street  ____________________________________________ 
City ________________________  State _____  Zip _______ 
Country ___________________________________________ 
Phone _____________________    Fax   _________________ 
E-mail Address _____________________________________ 
 
Cadmus will process credit cards and Cadmus Journal 
Services will appear on the credit card statement. 
 
If you don’t mail your order form, you may fax it to 410-820-9765 with 
your credit card information.
 
Signature  __________________________________________ Date _______________________________________ 
Signature is required.  By signing this form, the author agrees to accept the responsibility for the payment of reprints and/or all charges 
described in this document. 
Reprint order forms and purchase orders or prepayments must be received 72 hours after receipt of form either  
by mail or by fax at 410-820-9765.  It is the policy of Cadmus Reprints to issue one invoice per order.   
Please print clearly.  
 
Page 1 of 2 
RB-9/22/06 
Radiology 2007 
 
Black and White Reprint Prices 
Domestic (USA only) 
# of 
Pages 50 100 200 300 400 500 
1-4 $213  $228  $260  $278  $295  $313  
5-8 $338  $373  $420  $453  $495  $530  
9-12 $450  $500  $575  $635  $693  $755  
13-16 $555  $623  $728  $805  $888  $965  
17-20 $673  $753  $883  $990  $1,085  $1,185  
21-24 $785  $880  $1,040  $1,165  $1,285  $1,413  
25-28 $895  $1,010  $1,208  $1,350  $1,498  $1,638  
29-32 $1,008  $1,143  $1,363  $1,525  $1,698  $1,865  
Covers $95 $118 $218 $320 $428 $530 
 
International (includes Canada and Mexico) 
# of 
Pages 50 100 200 300 400 500 
1-4 $263  $275  $330  $385  $430  $485  
5-8 $415  $443  $555  $650  $753  $850  
9-12 $563  $608  $773  $930  $1,070  $1,228  
13-16 $698  $760  $988  $1,185  $1,388  $1,585  
17-20 $848  $925  $1,203  $1,463  $1,705  $1,950  
21-24 $985  $1,080  $1,420  $1,725  $2,025  $2,325  
25-28 $1,135  $1,248  $1,640  $1,990  $2,350  $2,698  
29-32 $1,273  $1,403  $1,863  $2,265  $2,673  $3,075  
Covers $148 $168 $308 $463 $615 $768 
 
Minimum order is 50 copies.  For orders larger than 500 copies, 
please consult Cadmus Reprints at 800-407-9190. 
  
Reprint Cover 
Cover prices are listed above.  The cover will include the 
publication title, article title, and author name in black.  
 
 
Shipping 
Shipping costs are included in the reprint prices.  Domestic 
orders are shipped via UPS Ground service.  Foreign orders are 
shipped via a proof of delivery air service.   
 
Multiple Shipments 
Orders can be shipped to more than one location. Please be 
aware that it will cost $32 for each additional location. 
 
Delivery 
Your order will be shipped within 2 weeks of the journal print 
date.  Allow extra time for delivery. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Color Reprint Prices 
Domestic (USA only) 
# of 
Pages 50 100 200 300 400 500 
1-4 $218  $233  $343  $460  $579  $697  
5-8 $343  $388  $584  $825  $1,069  $1,311  
9-12 $471  $503  $828  $1,196  $1,563  $1,935  
13-16 $601  $633  $1,073  $1,562  $2,058  $2,547  
17-20 $738  $767  $1,319  $1,940  $2,550  $3,164  
21-24 $872  $899  $1,564  $2,308  $3,045  $3,790  
25-28 $1,004  $1,035  $1,820  $2,678  $3,545  $4,403  
29-32 $1,140  $1,173  $2,063  $3,048  $4,040  $5,028  
Covers $95 $118 $218 $320 $428 $530 
 
International (includes Canada and Mexico)) 
# of 
Pages 50 100 200 300 400 500 
1-4 $268  $280  $412  $568  $715  $871  
5-8 $419  $457  $720  $1,022  $1,328  $1,633  
9-12 $583  $610  $1,025  $1,492  $1,941  $2,407  
13-16 $742  $770  $1,333  $1,943  $2,556  $3,167  
17-20 $913  $941  $1,641  $2,412  $3,169  $3,929  
21-24 $1,072  $1,100  $1,946  $2,867  $3,785  $4,703  
25-28 $1,246  $1,274  $2,254  $3,318  $4,398  $5,463  
29-32 $1,405  $1,433  $2,561  $3,788  $5,014  $6,237  
Covers $148 $168 $308 $463 $615 $768 
 
Tax Due 
Residents of Virginia, Maryland, Pennsylvania, and the District 
of Columbia are required to add the appropriate sales tax to each 
reprint order.  For orders shipped to Canada, please add 7% 
Canadian GST unless exemption is claimed. 
 
Ordering 
Reprint order forms and purchase order or prepayment is 
required to process your order.  Please reference journal name 
and reprint number or manuscript number on any 
correspondence.  You may use the reverse side of this form as a 
proforma invoice.  Please return your order form and 
prepayment to: 
 
 Cadmus Reprints 
 P.O. Box 751903 
 Charlotte, NC  28275-1903 
 
Note:  Do not send express packages to this location, PO Box. 
FEIN #:541274108 
 
Please direct all inquiries to: 
 
Rose A. Baynard 
 800-407-9190 (toll free number) 
 410-819-3966 (direct number) 
 410-820-9765 (FAX number) 
baynardr@cadmus.com (e-mail)  
 
Reprint Order Forms 
and purchase order 
or prepayments must 
be received 72 hours 
after receipt of form. 
 
 
Page 2 of 2 
